Objective: To determine risk factors for early postoperative complications after D3 dissection for stage II/III colon cancer.
| INTRODUC TI ON
Preoperative identification and evaluation of risk factors for postoperative complications of colon cancer patients who undergo surgery would assist with informed consent for treatment, consideration of treatment options, and identification of high-risk cases for special and possibly multidisciplinary attention. However, few reports have evaluated such risk factors of colon cancer surgery requiring D3 lymph node dissection, and those that have were small-scale and retrospective studies. Additionally, risk factors such as age and long operation time did not always conform to each result. Additionally, JCOG0404 enrolled more than 1000 patients, making it one of the largest RCT for patients with colon cancer requiring D3 dissection in Japan.
We aimed to identify the risk factors for postoperative early complications in patients with stage II and III colon cancer by exploratory analyses using the data from JCOG0404. To the best of our knowledge, the present study is the first to evaluate risk factors for early postoperative complications after surgery requiring D3 dissection from prospectively collected data.
| MATERIAL S AND ME THODS

| Summary of JCOG0404
Eligibility criteria of JCOG0404 included histologically proven colon cancer with histologically confirmed adenocarcinoma, signet ring cell carcinoma, or adenosquamous carcinoma; tumor located in the cecum or ascending, sigmoid, or rectosigmoid colon; T3 or deeper lesion without involvement of other organs, N0-2 and M0; tumor size ≤8 cm; and age 20-75 years. Only accredited surgeons carried out surgery as an operator or instructor. Surgery required D3 lymph node dissection (details described below). Primary endpoint was OS.
Non-inferiority of LAP with D3 dissection to OP for OS was not confirmed for stage II/III colon cancer.
JCOG0404 is registered with UMIN Clinical Trials Registry, number C000000105, and ClinicalTrials.gov, number NCT00147134.
Details of JCOG0404 were reported elsewhere. 
| Operative methods of D3 dissection
For right-sided tumors, the vascular pedicles were divided at their origin, and the draining lymph nodes along the superior mesenteric vein were removed. For left-sided tumors, removal of lymph nodes at the root of the inferior mesenteric artery was carried out along with high ligation or with preservation of the left colic artery and ligation of the root of the superior rectal artery.
| Endpoints and statistical considerations
Adverse events were evaluated according to CTCAE 3.0.
Postoperative mortality and morbidity were respectively defined as death from any cause and any adverse event of grade 1 or higher including anastomotic leakage, paralytic ileus, bowel obstruction, who received the assigned surgery; hence, patients who did not receive the assigned surgery were excluded from this analysis. A twosided P-value of <0.05 was considered statistically significant. All statistical analyses were carried out using SAS ver. 9.2 or higher.
| RE SULTS
Between October 2004 and March 2009, 1057 patients from 30
Japanese centers were randomized to the OP group (528 patients) and LAP group (529 patients). Treatment assignment was balanced TA B L E 1 Operative morbidity and mortality of all patients in the OP and LAP groups with respect to baseline characteristics. In the 528 patients assigned to OP, eight patients underwent LAP. In contrast, among the 529 patients assigned to LAP, four patients underwent OP. Finally, 520 patients underwent OP and 525 patients underwent LAP, and the results were compared and analyzed ( Figure 1 ). triangle anastomosis in 25 patients and stoma creation in 1 patient), greater blood loss, OP itself, and higher BMI were significantly associated with wound-related complications (Table 3) .
Anastomotic leakage occurred in 37 patients (3.5%). There was no difference in its occurrence between the OP group (18; 3.5%) and the LAP group (19; 3.6%). Univariable analysis showed that gender, operation time, and type of procedure were significantly associated with anastomotic leakage (Table 4) .
| D ISCUSS I ON
Our analysis showed that the OP procedure and operation time of In previous reports of large-scale RCT for colon cancer that compared OP with LAP, Lacy et al 6 reported that there were more complications in OP than in LAP, as in the present study, whereas other reports [7] [8] [9] showed that there were no differences between the two. The conversion rate from LAP to OP surgery in the present study was lower than that in previous RCT. The conversion rate was 13 The OP procedure was also shown to be a risk factor in our analysis in comparison with LAP.
However, male gender, BMI, and blood loss were not risk factors for overall postoperative complications in our analysis. The present study is the first, to our knowledge, to show that in addition to the OP procedure, operation time of over 240 minutes was a risk factor for overall postoperative complications. We speculated that longer operation time might be broadly affected by tumor factors, including larger size and invasion to adjacent structures, and patient factors, including BMI and vascular comorbidities, despite not identifying each significant factor for complications individually, which could lead to a higher possibility of postoperative complications.
This is why the present study did not need to take into consideration the surgical learning curve as a potential risk factor because the JCOG0404 study chairman certifies surgeons at each participating institution according to the following criteria. For OP, surgeons must 19 Because quality of surgery is one of the important factors of surgery-related adverse events, in terms of the proportion of D3 dissections carried out by accredited surgeons, the quality of surgery in the present study was high. Thus, we consider the risk factors derived in the present study to be reliable and reproducible.
There are limitations in the present study. The inclusion criteria of JCOG0404 did not include disease in the transverse or descending colon, which would have required high-level laparoscopic skills.
The incidences of wound complications and anastomotic leakage were insufficient for multivariable analysis. However, 37 patients (3.5%) developed anastomotic leakage in our study. With anastomotic leakage being one of the most critical complications, these are not satisfactory data. Thus, further investigation is necessary to identify the risk factors for anastomotic leakage.
In conclusion, our analysis from prospectively collected data of D3 dissection for stage II/III colon cancer indicated that the risk factors for overall postoperative complications were the OP procedure and operation time of over 240 minutes. LAP and shorter operation time may contribute to a decrease in postoperative complications for patients undergoing colectomy with D3 dissection.
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